Abstract. Shockwave lithotripsy (SWL) is currently the preferred method of treatment for renal calculi < 10 mm in size. Dornier introduced the electrohydraulic HM-3 in 1983, which has become the "gold standard" for SWL. Since then other types of lithotripters (electromagnetic and piezoelectric) have been developed. We compared the third-generation electromagnetic Shockwave lithotripter Siemens MODULARIS to the HM-3 in vitro assessing acoustic measurement and stone comminution in a holder. Similar results were encountered.
INTRODUCTION
The Dornier HM-3 was the first lithotripter developed [1] and is considered the gold standard for comparison between lithotripters. [2, 3] It uses a electrohydraulic Shockwave generator and its wet coupling is one of the main reasons why its results are superior to most new generation lithotripters. The main drawbacks of this equipment are its large size, the need in most cases for anesthesia and/or sedation and its inability to allow for multifunctional use. Newer lithotripters have been developed in order to overcome the disadvantages of this first generation device, using different shock generators and coupling systems. [4] The Siemens MODULARIS is a third generation electromagnetic lithotripter which features a compact system design. Its dry coupling using only a water cushion-coupled Shockwave generator reduces space requirements to a minimum, whereas patient comfort is increased; for example, treatments are mainly performed under low analgesia. Furthermore, MODULARIS offers multifunctional usage for urodiagnostics and urologic interventions and is a mobile system. However, the stone comminution efficiency at different energy settings has not been evaluated in comparison to the HM-3 standard. By evaluating the acoustic pressure characteristics and in vitro stone comminution, we have determined the MODULARIS' energy setting that closely matches the in vitro performance of the HM-3.
MATERIALS AND METHODS
The acoustic fields of the MODULARIS and HM-3 lithotripters were characterized by pressure measurement using a Light Spot Hydrophone (LSHD) [5] . Pressure waveforms in the focal plane (X-Y) were captured in degassed water using a digital storage oscilloscope, and transferred to a computer. Pressure analysis determined peak positive and negative pressures and the resulting energy density. Pressure data for the HM-3 was collected using a 20 kilovolt (kV) output setting and pressure data for the MODULARIS was collected at energy settings of E3.0, E4.0, and E5.0, respectively. A minimum of six measurements was collected at each position for the HM-3 because of the large shot-to-shot variation, while only three measurements were done at each point for the MODULARIS due to its stable output. Stone comminution was assessed at 250, 500, 1,000, 1,500 shocks at 20 kV for the HM-3 and at energy settings of E3.0, E4.0 and E5.0 for the MODULARIS. Spherical BegoStone phantoms [6] with one centimeter in diameter and an average dry weight of 1.12 gram (g) ± 0.02 g were held in medium-size finger cots filled with degassed water. Six stones were treated at each shock number and an output energy combination using a pulse repetition rate of one hertz. The stone fragments were allowed to dry at room temperature and then sieved through three meshes (4mm, 2.8mm and 2mm), resulting in four groups of fragment sizes: > 4.0, 4.0 to 2.8, 2.8 to 2.0, and < 2.0 millimeter (mm). Fragmentation efficiency is reported as the mass fraction that passes through the 2.0 mm sieve.
RESULTS
Several differences in the energy fields of the HM-3 (electrohydraulic) and the MODULARIS (electromagnetic) lithotripters have been observed (Figs. 1 and 2 ). As shown in Fig. 3 , the profiles of the pressure waveforms are different. Furthermore, it can be noticed that the variation in the acoustic field of the HM-3 is large because of the instability of the shock discharge from electrohydraulic lithotripters. Because there is inherent randomness in the path the plasma discharge takes between electrodes, the energy discharge does not always occur exactly at the same location. The discharge path and distance also play an important role in the intensity of the energy discharge. These two factors create changing pressure fields for the focus of the HM-3. The 'jumping focus' results in an average -6 decibel (dB) focal size of approximately 12 mm, which is apparently larger than the real beam size of the HM-3 from each shock. Electromagnetic machines such as the MODULARIS are not susceptible to these factors and therefore provide a more stable pressure field. The -6 dB focal size of the MODULARIS at E4.0 referring to the energy density is approximately 10 mm. The peak positive (P+) and peak negative (P-) pressures are shown in Table 1 . The MODULARIS was found to have slightly greater peak positive and peak negative pressures than the HM-3 at all energies examined (E3.0, E4.0, and E5.0). Overall, there is a progressive increase in stone comminution for both lithotripters as the shock number increases. For the MODULARIS, stone fragmentation also increases significantly with the output energy setting between 250 and 500 shocks. The difference in stone comminution produced by different energy levels becomes less significant as the shock number exceeds 1,000. In comparison, it was found that the stone comminution produced by MODULARIS at an energy setting of E4.0 is comparable and E5.0 is better than the HM-3 at 20 kV after 500 shocks (Table 2) . 
CONCLUSION
Regarding acoustic properties, the MODULARIS was found to have slightly higher peak positive and negative pressure values at all energies measured (E3.0-E5.0). In vitro stone comminution in the finger cot was found to be similar between the HM-3 at 20 kV and the MODULARIS at an energy setting of E4.0, and better at E5.0 for greater than 500 shocks. Future work is needed to compare the MODULARIS and the HM-3 in vivo.
